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ABSTRACT: Modal parameter estimation, to obtain natural frequencies, modal damping and mode shapes is a key step to 
characterize the dynamical behavior of a structure. Operational Modal Analysis (OMA), also known as output-only modal 
analysis, is a technique for estimating the modal parameters only on the basis of the measured vibration data without any 
information on the excitation forces. This information can then be used to improve numerical models in order to monitor the 
operating and structural conditions of the system. While application of OMA on parked wind turbines is straightforward, the 
same is not true in case of operational turbines, i.e. in power production configuration. This is due to the fact that most of the 
key OMA assumptions are not respected by an operational wind turbine.  
Coleman transformation, also known as Multi Blade Coordinate (MBC) transformation, is used for having information on 
the dynamic interaction between the nonrotating body (tower-nacelle) and the spinning rotor. It converts the time periodic 
system into a time invariant one with the assumption that the system is isotropic. Standard OMA techniques can then be applied 
to the time invariant model in order to get the modal parameters. This paper shows the application of MBC transformation and 
OMA techniques to wind turbines in operational conditions. Results are compared to the ones obtained applying OMA to the 
corresponding time-variant systems in order to show the improvement in understanding the dynamic behavior of operating wind 
turbines after using MBC transformation. 
KEYWORDS: Wind turbines; Operational Modal Analysis; Multi-Blade (Coleman) transformation; Dynamic 
characterization. 
1 INTRODUCTION 
The dynamic characterization of a system in terms of modal 
parameters is always a difficult task. It becomes more 
complicated in case of huge structures and even more 
complicated when there are many rotating parts. It is the case 
of an operating wind turbine. Classical Experimental Modal 
Analysis (EMA) cannot be performed if the forces exciting 
the system are not well known. In these cases an innovative 
method based on EMA has been developed: Operational 
Modal Analysis (OMA). It is a technique that uses the output 
data, like accelerations measured in operating conditions, for 
estimating the modal parameters. Natural frequencies, 
damping ratios and mode shapes can be extracted without 
knowing the input forces that excite the structure. For 
performing OMA the excitation forces need to be represented 
by a white noise spectrum. It means that they can be described 
as random signals with a flat power spectral density. In other 
words, they contain equal power within any frequency band 
with a fixed width. 
One of the main problems is that a conventional OMA 
needs a Linear Time Invariant (LTI) system for being applied. 
It is the case of parked wind turbines where the blades are not 
rotating, but it is a strong limitation in an operating case 
because of the blade-to-blade variations and the rotation of the 
rotor. If the angular speed of the rotor is constant with a good 
approximation, then the wind turbine system can be treated as 
Linear Time Periodic (LTP) and its dynamic behavior can be 
characterized by means of different methods than the ones 
used for LTI systems. A number of important dynamic 
systems can be modeled as LTP. When this is the case, it is 
very important to model this behavior in an accurate way 
since it can lead to instability and resonances at different 
frequencies than the ones predicted by theory for LTI systems. 
Floquet and Lyapunov developed some important theories 
regarding linear differential equations with periodic 
coefficients in the late 1800s, so the theory of time-periodic 
systems is also known as Floquet theory [1]. This theory has 
been applied to a variety of systems such as helicopter, wind 
turbines or bladed machines. 
This paper investigates the applicability of OMA technique 
to operating wind turbines. Previous studies have 
demonstrated its applicability in a simulation environment. 
First of all, Multi-Blade Coordinate (MBC) transformation is 
used in order to convert the rotating degrees of freedom into a 
non-rotating frame.  
MBC is widely used for helicopter analysis. Coleman [2] 
used it to analyze the rotor-in-plane motion, also known as lag 
motion, and he was able to identify the ground resonance 
problem. Johnson [3] was the first one to give a mathematical 
basis to the MBC and Bir and Butterfield [4] developed a 
numerical MBC approach providing insights into the rotor in-
plane motion.  
Hansen [5] started applying the technique to a three-bladed 
wind turbine and, then, Jonkman and Bir [6] used MBC to 
study aeroelastic characteristics of a 5-MW wind turbine in 
different configurations. Their work was based on several 
assumptions: the three blades have to be identical both 
aerodynamically and structurally and the rotor speed must be 
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constant. In order to overcome these limitations, in successive 
studies, a new approach was developed [7].  
If asymmetries do occur, the MBC transformed system will 
not be time-invariant. This property could be exploited to ease 
the fault diagnosis. In fact, after the MBC transformation, the 
nominal case will have zero-mean residuals, while the faulty 
case will have non-zero-mean residuals.  
In the following sections, the theoretical basis of MBC 
transformation and OMA are given. The experimental setup 
is, then, introduced. Finally, the two techniques are applied 
and the results analyzed underlining the added value, but also 
the limitations of the method.   
2 THEORETICAL BASIS 
2.1 MBC Transformation 
The dynamics of wind turbine rotor blades are generally 
expressed in rotating frames attached to the individual blades. 
The rotor, however, responds as a whole to excitations such as 
tower-nacelle motion, aerodynamic gusts and control inputs. 
All of them occur in a non-rotating frame. The tower and 
nacelle subsystem sees the combined effect of all rotor blades, 
not the individual blades. 
The Multi-Blade Coordinate (MBC) transformation is used 
to convert the rotating degrees of freedom (DOFs) in a fixed 
frame. This transformation is needed in order to combine the 
blade DOFs with the non-rotating DOFs related to the tower 
and the nacelle modeling the dynamic interaction between 
them. It has three main advantages: 
 
 Models the dynamic interaction between the rotor 
and the fixed-system entities; 
 Offers understanding into rotor dynamics; 
 Filters out all periodic terms except the ones which 
are integral multiples of ΩN, where Ω is the rotor 
angular speed and N is the number of rotor blades.  
 
It is a very helpful filter since the harmonics related to the 
angular speed are masking the dynamics of the system itself. 
Anyhow, it is not enough and a harmonic removal tool needs 
to be integrated in order to filter out all the harmonics. 
Considering a typical horizontal axis wind turbine (HAWT), 
the set of three coordinates {q1,i , q2,i , q3,i }
T
, measured at the 
location i on the blades 1, 2, 3, is converted by means of MBC 
transformation (1) to the three multi-blade coordinates, 
expressed as: {q0,i , qc,i , qs,i }
T
. 
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b  is the instantaneous azimuth angle of the b-th blade and 
b=1,2,3,…, N is the blade number. For a three-bladed rotor, it 
is implicitly assumed that the three blades are uniformly 
distributed, that means one blade each 120° in the rotor plane. 
In this case (b=1, 2, 3), equation (2) is valid. 
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The physical interpretation of the new coordinates is not 
immediate and it is related to the considered degree of 
freedom. q0,i is also known in literature as coning mode, 
whereas qc,i and qs,i are named cosine-cyclic mode and sine-
cyclic mode. Equations (1) determine the rotor coordinates 
once the blade coordinates are known. The inverse 
transformation (3) allows getting the blade coordinates given 
the rotor coordinates. 
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MBC transformation technique can be applied both to 
constant-speed and variable-speed wind turbines. In both 
cases it does not eliminate all periodic terms, but it basically 
filters out all the terms that are not integral multiples of ΩN. 
In order to perform the transformation, it is necessary that all 
the blades are identical and spaced equally around the rotor 
azimuth and that the operating conditions are time-invariant. 
If the blades are dissimilar, a Floquet analysis [8], [9] is 
needed since MBC cannot be applied if the isotropy 
hypothesis is not valid.  
In principle, MBC transformation can be used as data pre-
processing before applying OMA algorithms. Acceleration of 
several points on the blades and the rotor azimuth angle are 
acquired together with accelerations of points on the tower 
and nacelle (non-rotating parts). These accelerations are 
collected as time histories and they can be the results of a 
measurement campaign on a wind turbine operating in the 
field or data obtained from aeroelastic code for different 
values of wind speed, turbulence, etc. 
 
 
Figure 1. MBC application scheme. 
MBC transformation is applied to the accelerations from the 
blades taking into account the acquired azimuth data. The 
accelerations in multiblade coordinates together with the ones 
from the tower and the nacelle are the input for OMA 
algorithm that will be described in the next section. The 
outputs of OMA are the natural frequencies, damping ratios 
and mode shapes. The latest are expressed in multiblade 
coordinates and they need to be transformed back to physical 
coordinates by means of the inverse MBC transformation. The 
mode shapes can finally be animated. The whole process is 
shown in Figure 1.   
Several studies have successfully applied MBC 
transformation to data from aeroelastic codes [10], [11], [12]. 
Only few preliminary studies have been accomplished in the 
experimental field [13], [14]. One of the main limiting factors 
is due to the technical difficulties in obtaining experimental 
data while a wind turbine is rotating. Several challenges need 
to be faced: accelerometers should be mounted in the same 
position and orientation on the blades and data from rotor and 
from tower-nacelle must be synchronized. 
In the next sections MBC transformation will be applied to 
data from a measurement campaign. 
2.2 OMA 
Operational Modal Analysis (OMA) technique, also known 
as output-only modal analysis, allows identifying modal 
parameters by using operational measurement such as 
accelerations measured on several points attached to the 
structure.  
OMA technique represents an extension of common input-
output modal analysis techniques when the input forces 
cannot be measured. Rather than impulse and frequency 
responses, it uses auto- and cross-correlation and auto- and 
cross-powers between signals measured simultaneously at 
different locations. So, there is the need to identify several 
reference signals that should be as less noisy as possible and 
that should be able to identify as many modes as possible.  
OMA can be applied when the system complies with the 
following three main assumptions: 
 
1. The system must be Linear Time Invariant; 
2. The excitation forces must be represented by a flat 
white noise spectrum in the band of interest; 
3. The forces acting on the structure must be uniformly 
distributed and uncorrelated both temporally and 
spatially.  
 
The better these assumptions are fulfilled, the better the 
quality of the estimated modal parameters.  
Several OMA techniques have been developed and 
evaluated in the past years. In this paper, the PolyMAX 
method [15] has been selected to perform the operational 
modal analysis. It has been developed as a polyreference 
version of the least-squares complex frequency-domain 
(LSCF) estimation method using a so-called right matrix-
fraction model. 
In case of operational data, output spectra are the only 
available information. The deterministic knowledge of the 
input is replaced by the assumption that the input is white 
noise. The PolyMAX algorithm greatly facilitates the 
operational modal parameter estimation process by producing 
extremely clear stabilization diagrams, making the pole 
selection a lot easier by means of estimating unstable poles 
(i.e. mathematical or noise modes) with negative damping 
making them relatively easy to separate from the stable poles 
(i.e. system modes).  
3 MEASUREMENT SYSTEM AND 
INSTRUMENTATION 
3.1 The MICON 65/13M Wind Turbine 
The United States Department of Agriculture (USDA), 
under contract with US Department of Energy/ Sandia 
National Laboratories (SNL) operated a set of research Micon 
65/13M Wind Turbines at the Conservation and Production 
Research Laboratory (CPRL) in Bushland, TX.   
 
   
Figure 2. Sandia NL in Bushland (left), Micon 65/13M 
wind turbine (right). 
The three fixed-pitch fixed-speed wind turbines erected on 
the site shown in Figure 2 were modified (Micon 65/13 “M”) 
throughout their lifetimes with upgrades to the rotor, brake, 
yaw, instrumentation and generator systems.  
Turbine B, which is the object of this investigation and is 
shown in Figure 2, has been equipped with three 9m CX-100 
Sensored Rotor 2 blades [16]. SNL fabricated these sensored 
rotor blades to investigate load monitoring and damage 
detection capabilities of accelerometers, strain gauges and 
Fiber Bragg Grating sensors [17].  
3.2 Instrumentation 
The turbine and the meteorological inflow at the Bushland 
test site were being monitored with several instruments. Most 
of the instrumentation was concentrated on the inflow towers 
and the test turbine.  
The meteorological inflow was monitored with cup 
anemometers, wind vanes and a sonic anemometer in order to 
have information on the wind speed and direction. This 
instrumentation was mounted on two meteorological towers. 
The structural response of the blades on the rotor was 
measured with a variety of sensors.  
Each blade was equipped with two triaxial accelerometers 
placed in correspondence of the pitch axis at 2m and at 8m 
from the root of the blade. In addition, two monoaxial 
accelerometers for each blade were positioned close to the 
trailing edge at the same stations along the blade (2m and 
8m).  
The data was transmitted from the rotor to the control 
building in Figure 2, via a wireless connection. The two 
datasets were then merged within ATLAS (Accurate Time 
Linked Acquisition System) using GPS time synchronization. 
The blade coordinate system is described in Figure 3. The X 
axis is facing with the wind direction toward the low pressure 
surface; the Y axis is in the blade plane toward the leading 
edge. Finally the Z axis is along the blade pitch axis toward 
the blade tip. The blades are quite stiff and their small size 
determines the high rotor speed that is nominally equal to 55 
rpm.  
For MBC transformation, it is important that the orientation 
and the position of the accelerometers mounted at the same 
point on all the three blades are as similar as possible. Small 
variations can cause huge anisotropy of the system making the 
MBC transformation not applicable. 
 
 
 
 
Figure 3. Blade coordinate system. 
In addition, several other turbine parameters were measured 
including yaw position, rotor azimuth, and rotor speed.  
Rotor azimuth and velocity were measured by a brushless 
rotary encoder located adjacent to the low speed shaft on the 
nacelle. The unit was calibrated in order to yield a 0° signal 
output when Blade 1 was vertically up. The blade numbering 
sequence for the rotor is 1-3-2 clockwise as observed from the 
upwind direction. 
3.3 Measurements 
In order to analyze the application of MBC transformation 
to an operating wind turbine, it is important to characterize the 
behavior of the same wind turbine in parked conditions. For 
this reason, two different datasets have been considered in this 
paper. The first one consists of data collected when the turbine 
is in parked conditions at a sampling frequency of 50 Hz on 
July 8
th
 2011 for approximately 10 hours. The second dataset 
contains 7 hours of continuous measurement with the turbine 
in operating conditions on August 15
th
 2011. Two startups and 
shutdowns were performed during the acquisition. 
 
Figure 4.Wind speed velocity components from the wind 
vane sensor. 
In order to correlate the readings of the accelerometers with 
the environmental conditions, the signals from the 
anemometer and the wind vane are included. 
During the long period of time in which measurements were 
performed the environmental conditions can be extremely 
different. This is the reason why the readings from the 
meteorological station need to be analyzed.  
In Figure 4, the three components of the wind speed coming 
from the wind vane considering only 20 minutes of 
measurements are extracted from the dataset in parked 
conditions. 
4 RESULTS 
4.1 Parked conditions 
The case in which the wind turbine is parked with the brake 
engaged is the simplest one for the analysis since the rotor is 
fixed and in case of no pitch and yaw activities, the wind 
turbine becomes a time-invariant system. In these conditions, 
the main OMA applicability limitations are not present and 
the wind excitation can be considered as broad-band random 
white noise [18]. 
Many quantities are measured on the structure, but for a 
preliminary study only the accelerometers mounted on the 
blades have been considered. In [19] the data are analyzed in 
parked conditions and the identified modal parameters are 
compared with those from a previously performed modal 
survey. The obtained results are reported in Table 1. The 
identified set of modal parameters can then be used as 
reference for the operational analysis. 
First of all, for a qualitative analysis of the signals, the 
Power Spectral Density (PSD) curves from sensors at the 
blade tip in all the three directions are shown. The PSD of the 
time signals are calculated using the Welch’s estimator. The 
data are divided up into smaller blocks to improve the 
resolution; these blocks are defined by a block size that has a 
number of time samples. To achieve a high calculation 
performance, the algorithm requires that the block size be a 
power of 2; so a value equal to 1024 is chosen with an 
overlapping between the blocks of 66% to compensate the 
effects of using Hanning windows in time domain. 
 
Table 1. Natural frequencies in parked conditions. 
Natural frequencies [Hz] 
No. Mode description 
Modal 
Survey 
OMA 
Parked 
1 1st Tower STS 1,3 1,3 
2 1st Tower FA 1,34 1,341 
3 1st Rotor Torsion 3,19 3,211 
4 1st Flap Yaw 3,26 3,319 
5 1st Flap Pitch 3,45 3,437 
6 1st Flap Sym 4,51 4,480 
7 1st Edge Pitch 5,35 5,423 
8 1st Edge Yaw 5,51 5,569 
9 2nd Flap Yaw 6,57 6,571 
10 2nd Flap Pitch 7,17 7,154 
11 2nd Flap Sym 11,49 11,392 
12 2nd Rotor Torsion 15,41 15,384 
 
Z 
Y 
All the modes are identified with a very good 
approximation by using the standard Operational PolyMAX 
method available in the LMS Test.Lab software [20]. The 
reference channels have been chosen at the tip of one of the 
three blades. The peaks can be seen looking at the PSDs in 
Figure 5. The naming of the 12 lowest modes is based on the 
animations of the mode shapes. The sequence of modes is 
typical for a wind turbine of the same size [21].  
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Figure 5.Power Spectral Density (PSD) for a point at the tip 
of one of the three blades. 
Modes 4 and 5 are the 1
st
 pitch/yaw modes involving the 
flapwise blade mode. The yaw mode lies lower than the pitch 
mode because towers are stiffer in pitch than in yaw.  
Mode 6 is the 1
st
 symmetrical flap mode where the blades 
vibrate simultaneously in counter-phase with a longitudinal 
vibration of the tower.The coupling causes the symmetric flap 
mode to be slightly above the flapwise blade mode.  
Modes 7 and 8 involve the edgewise blade mode. In both 
modes the blades vibrate against each other in the edgewise 
direction so that they cancel out the torsional moment at the 
rotor center. The two modes differ from the direction of the 
reaction at the rotor center and their order is given by the 
stiffness of the rotor support in vertical and horizontal 
directions. The level of the flapwise vibrations is higher than 
the level of edgewise vibrations. 
4.2 Operating conditions 
In parked conditions, all the sensors give the acceleration in 
the same fixed reference system, while in operating conditions 
the blades are rotating and the associated sensors give the 
signal in a local rotating frame. The nacelle and tower 
accelerations are still given in the fixed reference frame. If the 
aim is to study the full system (blades-tower-nacelle), 
methods such as MBC transformation or Floquet theory need 
to be used in order to express all the signals in the same fixed 
reference system.  
The natural frequencies of the tower bending modes and the 
shaft torsion mode are constant with the rotation speed, while 
the other frequencies vary with it. The ones of the asymmetric 
modes change owing to gyroscopic effects, while the 
frequency of the symmetric flap mode increases owing to 
centrifugal stiffening of flapwise bending.  
All pairs of asymmetric rotor modes in parked conditions 
become pairs of rotor whirling modes owing to the rotation 
[22]. A backward whirling (BW) mode and a forward 
whirling (FW) mode can be identified. The natural frequency 
for a BW mode decreases with rotation speed; for a FW mode 
the opposite behavior can be seen since the natural frequency 
is increasing with Ω.  
The natural frequency of the symmetric mode is ωk, while 
the frequencies of the whirling components are shifted by ±Ω.  
If blade mode number n is involved in the whirling modes, 
their frequencies split in the ground fixed frame around the 
natural frequency ωn. In the ideal case, the observer on the 
blade will measure the same frequency, given by: 
 
ωn= ωk
BW+Ω= ωk
FW
-Ω          (4) 
 
This ideal condition is affected by structural asymmetry of 
the turbine and the coupling of blade modes in the turbine 
modes. The interaction can occur when two turbine modes 
natural frequencies are close to each other. 
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Figure 6.Power Spectral Density (PSD) for a point at the tip 
of one of the three blades in operating conditions. 
 
Table 2. Natural frequencies in operating conditions. 
Natural frequencies [Hz] 
No. Mode description 
OMA 
Parked 
OMA 
Rotating 
1 1st Tower STS 1,3 - 
2 1st Tower FA 1,341 - 
3 1st Rotor Torsion 3,211 - 
4 1st Flap Yaw 3,319 - 
5 1st Flap Pitch 3,437 - 
6 1st Flap Sym 4,480 5,157 
7 1st Edge Pitch 5,423 - 
8 1st Edge Yaw 5,569 - 
9 2nd Flap Yaw 6,571 - 
10 2nd Flap Pitch 7,154 - 
11 2nd Flap Sym 11,392 11,568 
12 2nd Rotor Torsion 15,384 - 
 
Thomsen et al. [23] have estimated that the FW edgewise 
mode is more damped than the BW edgewise mode. The 
structural damping of these two modes is considered the same 
since they have almost identical natural frequencies and mode 
shapes.  
The difference in damping is due to the difference in 
aerodynamic damping. 
In a first preliminary analysis, all data are analyzed without 
any transformation. Calculating the PSDs, as shown in Figure 
6, it is clear that the rotor harmonics are dominating the 
response and most modes are masked since they are very 
close to harmonic components and it is very difficult to 
properly identify them. 
We can also observe that the level of the flapwise vibration 
is still higher than the level of the edgewise vibrations. At low 
frequencies the response in both directions is heavily 
dominated by rotor harmonics. Two different kinds of 
harmonics can be identified: the firsts are the harmonics of the 
rotor and the seconds are due to the High Speed Shaft (HSS) 
fundamental frequency at 20 Hz (since the shaft is rotating at 
1200 rpm) modulated by the rotor frequency.  
Flapwise vibrations are less affected by the rotor and shaft 
harmonics at higher frequencies. 
The acceleration signals that come from the same point on 
different blades are not identical. It can be due to an imprecise 
mounting in terms of sensors position and orientation or to 
different dynamic characteristic of the blades. Since MBC 
transformation requires the isotropy of the system, the slight 
difference must be taken into account in the results analysis. 
Since no transformation has been performed, only the 1
st
 
and 2
nd
 flapwise symmetric modes can be identified, as listed 
in Table 2. In order to identify the other modes, a MBC 
transformation can be performed. It helps also filtering out all 
the peaks related to harmonics that are not multiples of 3*Ω. 
The average rotating frequency over the 20 minutes 
measurement is 0.929 Hz (55.74 rpm) with a standard 
deviation of 0.004 Hz. 
4.3 MBC application 
This section describes a preliminary analysis of the 
measured data. Four acceleration signals were selected in 
order to perform the analysis, see Table 3. 
The next step is to apply the MBC transformation to the 
data according to Eq. (1). The instantaneous rotor azimuth 
angle is obtained as explained in Section 3.2.  
 
16.000.00 Hz
0.00
-120.00
d
B
g
2
/H
z
1.00
0.00
A
m
p
lit
u
d
e
0.93
F PSD a0:8000:+X
F PSD ac:8000:+X
F PSD as:8000:+X
 
Figure 7.Power Spectral Density (PSD) for the points at the 
tip of the three blades after MBC transformation in the 
flapwise direction. 
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Figure 8. Power Spectral Density (PSD) for the points at the 
tip of the three blades after MBC transformation in the 
edgewise direction. 
 
Table 3. Acceleration signals selected for the analysis. 
Name Description 
8_x 8m from the root, flapwise direction 
8_y 8m from the root, edgewise direction 
2_x 2m from the root, flapwise direction 
2_y 2m from the root, edgewise direction 
 
The spectra of the multiblade coordinates {q0,i , qc,i , qs,i }
T
 
are shown in Figure 7 for the flapwise direction and in Figure 
8 for the edgewise one.  
It can be observed that the peak at 3Ω (3rd harmonic, the so-
called blade passing frequency) has increased in agreement 
with the fact that MBC filters out all the harmonics except the 
ones that are integer multiples of 3Ω. The anti-symmetric 
coordinates (indicated as ac and as) follow each other with a 
very good approximation, while the symmetric component 
(named a0) has a different behavior. We can state that MBC 
transformation separates the collective blade components 
from the anti-symmetric ones.  
It is also important to note that the peaks seen on the MBC 
coordinates can also be outlined in the nacelle acceleration 
spectra as can be seen in Figure 9. It is possible to identify 
many of the rotor modes only using tower and nacelle data.  
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Figure 9. Power Spectral Density (PSD) for the points at the 
nacelle in the longitudinal and lateral directions. 
5 CONCLUSIONS 
The structural dynamics of a three-bladed wind turbine is 
quite complex. Blades cannot be considered as separate 
dynamic components of the turbine, but the complete wind 
turbine has to be studied. In fact, blade vibrations are strongly 
affected by the dynamics of nacelle and tower.  
The paper presents the application of Operational Modal 
Analysis (OMA) to an operating wind turbine. The technique 
can be straightforward applied only if the turbine is in parked 
conditions with the brake engaged. If the blades are rotating, 
several steps are needed for converting the Linear Time 
Periodic (LTP) system into a Linear Time Invariant (LTI) one 
in order to apply the classical OMA.  
Previous works have shown the applicability of Multi-Blade 
Coordinate (MBC) transformation to simulated data. In this 
paper, the same procedure has been applied to measured data. 
A Micon 65/13M wind turbine has been instrumented with 
several types of sensors. In a preliminary analysis, only the 
readings of the accelerometers located on the three blades and 
on the nacelle have been considered. In the future also strain 
gauges signals will be taken into account. 
The MBC technique has several limitations due to the fact 
that the harmonics (3Ω, 6Ω, etc) are dominating the response 
making difficult the modal parameter estimation. 
Furthermore, the readings of the accelerometers located in 
the same positions on different blades are not identical; this is 
an obstacle for the application of MBC that requires the rotor 
isotropy as well as the sensors isotropy. These assumptions 
are never completely fulfilled. This is the reason why in the 
future it will be interesting to analyze in depth the application 
of Lyapunov-Floquet analysis approach since it does not set 
any isotropy limitation. 
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